The η-η ′ pseudoscalar mixing angle and the gluonium content of the η ′ meson are deduced from an updated phenomenological analysis of J/ψ decays into a vector and a pseudoscalar meson. The values for the mixing angle and the gluonic content of the η ′ wave function are φP = (44.5 ± 4.3)
INTRODUCTION
Recently, the KLOE Collaboration reported a new measurement of the η-η ′ pseudoscalar mixing angle and the gluonium content of the η ′ meson [1] . Combining the value of R φ with other constraints, they estimated the gluonium content in the η ′ wave function as Z 2 η ′ = 0.14 ± 0.04 and the mixing angle in the quark-flavour basis as φ P = (39.7 ± 0.7)
• . Later on, we performed a phenomenological analysis of radiative V → P γ and P → V γ decays, with V = ρ, K * , ω, φ and P = π, K, η, η ′ , aimed at determining the gluonic content of the η and η ′ wave functions [2] . We concluded that the current experimental data on V P γ transitions indicated within our model a negligible gluonic content for the η and η ′ . In particular, accepting the absence of gluonium for the η, the gluonic content of the η ′ wave function amounts to Z 2 η ′ = 0.04±0.09 or |φ η ′ G | = (12±13)
• and the η-η ′ mixing angle is found to be φ P = (41.4 ± 1.3)
• . Motivated by the discrepancy of the two former analyses, we perform a new phenomenological analysis of J/ψ → V P decays to confirm or * UAB-FT-652. I would like to express my gratitude to the PHIPSI08 Organizing Committee for the opportunity of presenting this contribution, and for the pleasant and interesting workshop we have enjoyed. refute the possible gluonium content of the η ′ meson. This is now feasible in view of the new experimental data at our disposal which makes of the J/ψ → V P decays the most precise and complete set of measurements (after the V P γ transitions) to further test this possibility.
These decays have been studied in the literature (see for instance Refs. [3, 4, 5, 6, 7] and references therein). In Ref. [3] , the value of the η-η ′ mixing angle was deduced from this relevant set of J/ψ → V P decay data including for the first time corrections due to non-ideal ω-φ mixing. These corrections turned out to be crucial to find φ P = (37.8 ± 1.7)
• , which was appreciably less negative than previous results coming from similar analyses. From the same set of data, a recent determination of the mixing angle assuming no gluonium finds φ P = (40 ± 2)
• while with gluonium in the η ′ gives φ P = (45 ± 4)
• and cos φ η ′ G = 0.84
−0.14 [7] .
NOTATION
We work in a basis consisting of the states [8] 
The physical states η and η ′ are assumed to be the linear combinations
with
The implicit assumptions in Eqs. (3, 4) are the following: i) no mixing with π 0 -isospin symmetry, and ii) no mixing with radial excitations or η c states. Assuming the absence of gluonium for the η, the coefficients X η(η ′ ) , Y η(η ′ ) and Z η(η ′ ) are described in terms of two angles (see Ref. [2] for details),
where φ P is the η-η ′ mixing angle and φ η ′ G weights the amount of gluonium in the η ′ wavefunction. The standard picture (absence of gluonium) is realized with φ η ′ G = 0.
EXPERIMENTAL DATA
We use the most recent experimental data available for J/ψ → V P decays taken from Ref. [9] . The data for the K * + K − +c.c., K * 0K 0 + c.c., ρη and ρη ′ channels remain the same since 1996 [10] and were reported by the DM2 [11] and Mark III [12] Collaborations. The new measurements come from the BES Collab., Ref. [13] for ωπ 0 , ωη and ωη ′ and Ref. [14] for φη, φη ′ and the upper limit of φπ 0 , and the BABAR Collab. for ωη [15] . The BES data are based on direct e + e − measurements, e + e − → J/ψ → ωπ 0 , ωη, ωη ′ for channels involving ω, e + e − → J/ψ → hadrons for φ, and the e + e − → J/ψ → φγγ for the upper limit of φπ 0 . The BABAR data is obtained with the initial state radiation method to lower the center-of-mass energy to the production (J/ψ) threshold. Special attention is devoted to the case of ρπ. Four new contributions have been reported since the old weighted average B(J/ψ → ρπ) = (1.28 ± 0.10)% [10] , (2.18 ± 0.19)% from
the weighted mean of these two measurements is (2.10 ± 0.12)%, and (1.21 ± 0.20)% from e + e − → ρπ [18] . Thus, the new weighted average is (1.69 ± 0.15)% with a confidence level of 0.001 [9] . In Table 1 , we show the branching ratios for the different decay channels according to the present-day values [9] (second column).
PHENOMENOLOGICAL MODEL
Since the J/ψ meson is an almost pure cc state, its decays into V and P are Okubo-Zweig-Iziuka (OZI) rule-suppressed and proceed through a three-gluon annihilation diagram and an electromagnetic interaction diagram. Aside from the OZI-suppressed diagrams common to all hadronic J/ψ decays, the doubly disconnected diagram, where the vector and the pseudoscalar exchange an extra gluon, is also expected to contribute to the J/ψ decays. The doubly disconnected diagram representing the diagram connected to a pure glueball state is also considered.
The amplitudes for the J/ψ → V P decays are expressed in terms of an SU (3)-symmetric coupling strength g (SOZI amplitude) which comes from the three-gluon diagram, an electromagnetic coupling strength e (with phase θ e relative to g) which comes from the electromagnetic interaction diagram [19] , an SU (3)-symmetric coupling strength which is written by g with suppression factor r contributed from the doubly disconnected diagram (nonet-symmetry-breaking DOZI amplitude) [20] , and r ′ which is the relative gluonic production amplitude. The SU 21] , and a factor (1 − s e ) for a strange quark contributing to e. The last term arises due to a combined mass/electromagnetic breaking of the flavour-SU (3) symmetry. This correction was first introduced by Isgur [22] who analysed corrections to V → P γ radiative decays through a parameter x ≡ µ d /µ s which accounts for the expected difference in the d-quark and squark magnetic moments due to mass breaking. The V → P γ amplitudes are precisely proportional to the electromagnetic contribution to the J/ψ → V P decay, whose dominant decay occurs via J/ψ → γ → V P . These results are reproduced in the J/ψ → V P amplitudes by means Table 1 Experimental J/ψ → V P branching ratios (in units of 10 −3 ) from Ref. [9] . The results of the fits with x = 0.81 ± 0.05 and φ V = (3.2 ± 0.1)
• corresponding to Fit 1 (gluonium not allowed) and Fit 2 (gluonium allowed in η ′ ) are also shown. Table 2 . In order to obtain the physical amplitudes for processes involving ω or φ one has to incorporate corrections due to nonideal ω-φ mixing (see Notation).
Channel
Given the large number of parameters to be fitted, 13 in the most general case for 11 observables (indeed 10 because there is only an upper limit for φπ 0 ), we perform the following simplifications. First, we set the SU (3)-breaking contributions s v and s p to zero since they always appear multiplying r and hence the products rs v and rs p are considered as second order corrections which are assumed to be negligible. Second, we fix the parameters x = m u,d /m s and the vector mixing angle φ V to the values obtained from a recent fit to the most precise data on V → P γ decays [2] , that is m s /m u,d = 1.24 ± 0.07 which implies x = 0.81 ± 0.05 and φ V = (3.2 ± 0.1)
• . The value for x is within the range of values used in the literature, 0.62 [23] , 0.64 [11] , 0.70 [24] , and the SU (3)-symmetry limit x = 1 [12] . The value for φ V is in perfect agreement (magnitude and sign) with the value φ V = (3.4 ± 0.2)
• obtained from the ratio Γ(φ → π 0 γ)/Γ(ω → π 0 γ) and the ω-φ interference in e + e − → π + π − π 0 data [25] . It is also compatible with the value φ quad V = +3.4
• coming from the squared Gell-Mann-Okubo mass formula (see Ref. [9] ). Finally, we do not allow for gluonium in the η wave function, thus the mixing pattern of η and η ′ is given by the mixing angle φ P and the coefficient Z η ′ (see Notation).
RESULTS
We proceed to present the results of the fits. We will also compare them with others results reported in the literature. To describe data without considering the contribution from the doubly disconnected diagram (terms proportional to rg) has been shown to be unfeasible [12] . Therefore, it is required to take into account nonet-symmetrybreaking effects. We have also tested that it is not possible to get a reasonable fit setting the SU (3)-breaking correction s to its symmetric value, i.e. s = 0. Although it should be easily fixed from the ratio J/ψ → K * + K − /K * 0K 0 , the value of x is weakly constrained by the fit (see Ref. [26] for the case φ → K + K − /K 0K 0 ). For those reasons, we start fitting the data with x = 0.81 (see above) and leave s free. The vector mixing angle φ V is for the time being also set to zero. Table 2 General parametrization of amplitudes for J/ψ → V P decays.
Process
Amplitude
If gluonium is not allowed in the η ′ wave function, the result of the fit gives φ P = (40.4 ± 2.4)
• -or θ P = (−14.3 ± 2.4)
• -with χ 2 /d.o.f. = 3.6/4, in disagreement at the 2σ level with θ P = (−19.1 ± 1.4)
• [11] , θ P = (−19.2 ± 1.4)
• [12] , and θ P ≃ −20
• [24] , but in correspondence with φ P = (39.9 ± 2.9)
• [4] and φ P = (40 ± 2)
• [7] . In some analyses, x is kept fixed to one since it always appears multiplying e and hence also considered as a second order contribution. In this case, our fit gives φ P = (40.2 ± 2.4)
• with χ 2 /d.o.f. = 3.4/4. However, none of the former analyses include the effects of a vector mixing angle different from zero. It was already noticed in Ref. [3] that these effects, which were considered there for the first time, turn out to be crucial to find a less negative value of the η-η ′ mixing angle. If we take now the fitted value φ V = +3.2
• (see above), one gets φ P = (40.5 ± 2.4)
• with χ 2 /d.o.f. = 4.2/4 and φ P = (40.3 ± 2.4)
• with χ 2 /d.o.f. = 3.8/4 for x = 0.81 and x = 1, respectively. These new fits seem to refute the strong correlation between the two mixing angles found in Ref. [3] . One interesting feature of the present analysis is the effect produced in the fits by the new averaged value of the ρπ branching ratio. For instance, if B(ρπ) = (16.9 ± 1.5)% [9] is replaced by its old value (12.8 ± 1.0)% [10] one gets φ P = (37.7 ± 1.5)
• with χ 2 /d.o.f. = 8.8/4 for x = 0.81 and φ V = 3.2 • , i.e. the central value and the error of the mixing angle become smaller and the quality of the fit worse. However, this value is now in agreement with that found in Ref. [3] .
As stated, the former fits are performed assuming the absence of gluonium in η ′ . Now, we redo some of the fits accepting a gluonic content in the η ′ wave function. For φ V = 0, the values φ P = (44.8 ± 4.3)
• and Z which is, however, compatible with zero at 2σ due to the large uncertainty. In all cases, the mixing angle and most of the other parameters are consistent with those assuming no gluonium but with larger uncertainties due to fewer constraints. The parameter r ′ weighting the relative gluonic production amplitude is consistent with zero and has a large uncertainty. These results are in agreement with the values φ P = (45 ± 4)
• and Z 2 η ′ = 0.30 ± 0.21 -or φ η ′ G = (33 ± 13)
• -found in Ref. [7] .
In Table 1 , we display for completeness the results of the fits with x = 0.81 ± 0.05 and φ V = (3.2 ± 0.1)
• for the case of accepting (Fit 2, fourth column) or not (Fit 1, third column) gluonium in the η ′ wave function.
CONCLUSIONS
In summary, we have performed an updated phenomenological analysis of an accurate and exhaustive set of J/ψ → V P decays with the purpose of determining the quark and gluon content of the η and η ′ mesons. The conclusions are the following. First, assuming the absence of gluonium, the η-η ′ mixing angle is found to be φ P = (40.5 ± 2.4)
• , in agreement with recent experimental measurements [1] and phenomenological estimates [7] . Second, if gluonium is allowed in the η ′ wave function, the values obtained are φ P = (44.5 ± 4.3)
• and Z 2 η ′ = 0.28 ± 0.21 -or |φ η ′ G | = (32 ± 13)
• , which suggest within our model a substantial gluonic component in η ′ . Third, the inclusion of vector mixing angle effects, not included in previous analyses, turns out to be irrelevant. Finally, it is worth noticing that the recent reported values of B(J/ψ → ρπ) by the BABAR [16] and BES [17] Collab. are crucial to obtain a consistent description of data.
